Abstract: Detection of African horsesickness virus (AHSV) by three different reverse transcription polymerase chain reaction (RT-PCR) based methods were compared. Primers were complementary to sequences contained in the gene encoding non-structural protein 2 of AHSV serotype 3. All three assays were group-specific for AHSV and detected all nine serotypes but not related orbiviruses. A dilution range was made of titrated chicken embryo-related cells infected with AHSV serotype 3 and, after isolating RNA from each diluted sample they were tested using the three different assays. RNA representing 0.2, 2 and 20 plaque forming units of AHSV could be detected by hemi-nested RT-PCR, PCRenzyme-linked immunosorbent assay (PCR-ELISA) and RT-PCR respectively. In twelve samples from African horsesickness suspect field cases hemi-nested RT-PCR, intra-cerebral injection of mice and virus isolation from cell culture detected AHSV in 83%, 58% and 25% of samples respectively.
INTRODUCTION
African horsesickness (AHS) is a seasonal disease of mainly equines, enzootic in sub-Saharan Africa. Mortality rates as high as 93% have been reported in horses [1] . African donkeys and zebra can become infected but are usually resistant to the disease [1] . Dogs can also be infected and can develop disease [2, 3] . Clinical signs are hyperthermia, oedema of the lungs, pleura and subcutaneous tissues and haemorrhages in internal organs [4] .
Occasionally outbreaks occur in regions outside of Africa as a result of the introduction of infected equids, as was illustrated in the outbreak in 1987 where the source of infection was thought to be five zebras imported from Namibia to the Madrid area of Spain [5, 6] . Another possible mechanism of spread to non-enzootic regions is the dissemination of insect vectors. This was thought to have been the cause of the transmission of AHSV from Morocco to Spain in 1966, from Turkey to Cyprus in 1960 and from Senegal to the Cape Verde islands in 1943 [7] . The vectors of the disease were shown to be Culicoides biting midges of the family Ceratopogonidae [8] .
The aetiological agent, African horsesickness virus (AHSV), is a member of the Orbivirus genus (family Reoviridae). The virus contains a segmented dsRNA genome consisting of 10 segments, encoding seven structural proteins and at least three non-structural (NS) proteins [9] [10] [11] [12] .
In South Africa clinical signs induced by a related orbivirus, viz. equine encephalosis virus (EEV) can be *Address correspondence to this author at the Biotechnology Division, Agricultural Research Council-Onderstepoort Veterinary Institute, Private Bag X05, 0110 Onderstepoort, South Africa; Tel: +27 12 5299254/252; Fax: +27 12 5299249; E-mails: vroonw@arc.agric.za, romitom@arc.agric.za confused with that of AHS. Diagnostic tests should therefore be able to discriminate between these two viruses [13] . Equine encephalosis is characterised by a high morbidity (60-70%) and a low mortality (5%) [14] .
As the spread of AHS should be controlled, identification of the virus in infected animals and in vectors is essential.
Reverse transcription (RT) of RNA followed by the polymerase chain reaction (PCR) [15] has almost totally replaced classical methods such as the intra cerebral injection of mice and inoculation in cell culture [16] . RT-PCR-based methods used to effectively identify infected animals play an important role in the control of the disease. The risk of importation of infected horses or natural reservoirs of the virus such as zebra can be limited in this way. Furthermore, information regarding the prevalence of AHSV in Culicoides midges collected from the field could be invaluable for epidemiological surveillance.
Various RT-PCRs based on sequences contained in conserved genes of AHSV have been described since 1990. The genes that have been targeted are L3 encoding VP3 [17, 18] ; M5 encoding non-structural protein 1 (NS1) [19] ; S7 encoding VP7 [20] and S8 encoding NS2 [21] [22] [23] . Furthermore, an RT-PCR that allowed identification of the nine different AHSV serotypes based on restriction patterns of gene S10 encoding NS3 was developed [24] . The use of a hemi-nested RT-PCR based on the NS2 gene was also described [25] and recently a nested RT-PCR was developed using primers based on the L3 gene [26] .
The development of real-time RT-PCR has allowed the virus to be detected more rapidly with a high degree of sensitivity. The assay also has less potential for contamination [27] . Different genes have been targeted viz. the NS1 gene [28] , the VP 7 gene [27, 29, 30] and the NS2 gene [27, 31] . Real-time PCRs that allowed serotyping of the nine different reference strains of AHSV were also developed but some field strains contained nucleotide substitutions in the regions targeted by the primers and that resulted in small melting temperature shifts [32] .
Despite the convenience of the use of real-time RT-PCR for the analysis of a large number of samples (e.g. in the case of an outbreak) many laboratories do not have the necessary facilities and capacity to do real-time PCR. The aim of this study was to improve the detection level of the RT-PCR and two different methods were investigated. Previously, the sensitivity of the RT-PCR was increased by performing Southern blot hybridisation with a 32 P radio-labelled probe [22] . The procedure is, however, not suitable for the routine diagnosis of AHSV because of the hazardous nature of the probe and the requirement for special facilities to perform procedures. In the present study the level of detection of AHSV by RT-PCR and two methods, hemi-nested RT-PCR and PCRenzyme-linked immunosorbent assay (PCR-ELISA) that increase the level of virus detection, were compared. These methods are based on detection by RT-PCR amplification of the S8 gene of AHSV that is conserved in the AHSV serogroup [33] . Hereafter, detection of AHSV in field samples of suspect cases by hemi-nested PCR and virus isolation procedures were compared.
MATERIALS AND METHODOLOGY

Cells, Virus and Virus Isolation
AHSV stocks were obtained from Dr. B.J. Erasmus, then from Onderstepoort Biological Products and equine encephalosis (EEV) stocks (serotypes Bryanston, Cascara, Gamil, Kaalplaas, Kyalami and Potchefstroom ) from Prof. P. Howell, then from the Tropical Diseases Department of the Faculty of Veterinary Science of the University of Pretoria. These were cultivated as described [23] . Bluetongue virus serotype 10 (BTV10) and epizootic haemorrhagic disease of deer virus New Jersey strain (EHDV-NJ) were obtained from Mr R. Greyling then of the Agricultural Research Council-Onderstepoort Veterinary Institute (ARC-OVI). AHSV and EEV serotypes were cultivated as described previously [23] . BTV was passaged once in an embryonated egg, at least 6 times in baby hamster kidney cells and then in chicken embryo reticulum (CER) cells (developed by Tsunemasa Motohashi, Nipon Institute, Japan). EHDV-NJ was cultivated once in BHK cells and thereafter five times in CER cells. Virus was isolated from the spleens of field samples a described [23] . Monolayers of Vero cells were seeded with a 10% (w/v) suspension of macerated spleens in buffered lactose peptone. After a 15 min incubation period, cells were washed three to four times in Eagle's medium and grown in Eagle's medium. Both buffered lactose peptone and Eagles medium contained standard concentrations of antibiotics and amphotericin. Cells were monitored for cytopathic changes on a daily basis. Appropriate volumes of the same suspensions were used to inoculate infant mice and mice were daily observed for clinical signs [23] . RNA samples used for sensitivity determination were extracted from identical volumes of a dilution range made from AHSV-3 infected cell cultures [23] .
RNA Extraction
Total RNA was extracted from the different infected CER cell samples and from blood and organ samples as described [23, 34] . In short: a suspension was made of approximately 300 g of organs or of the blood cell pellet obtained from 1 ml of blood. To this were added 500 l solution D (4M guanidium thiocyanate, 25 mM sodium citrate, pH 7, 0.5% sarkosyl and 0.1 M -mercapto ethanol), 50 l of 2 M sodium acetate (pH 4), 500 l water saturated phenol and 100 l chloroform:isoamyl alcohol (49:1). Samples were centrifuged at 18000 x g for 15 min and the RNA in the supernatant fluid was precipitated with isopropanol. Pellets were washed in 75% ethanol and resuspended in water.
RT-PCR
RT and PCR reactions were performed sequencially in a single tube as described [23] . Total extracted RNA was added to 50 ng of each of forward primer OP72 (5'-TGGCACGAAGACATG-3') and reverse primer OP73 (5'-CTCTCATCGCCAATG-3') ( Table 1 
Testing for Inhibitors of RT-PCR in Cell Culture Samples
To ascertain the absence of substances inhibiting RT-PCR in the RNA samples from the related orbiviruses, duplicate samples of total RNA isolated from CER cells infected with EHDV-NJ, BTV10 and six EEV serotypes Bryanston, Cascara, Gamil, Kaalplaas, Kyalami and Potchefstroom were prepared. One of each of the two samples was spiked with a sample identical to the positive control sample which consisted of total RNA isolated from AHSV-3 infected cells. The RT-PCR was performed as described above and PCR products were analysed by agarose gel electrophoresis as described above to determine whether inhibition of the RT-PCR had occurred.
Hemi-Nested PCR
An internal primer CV6 (5'-AGAGTATGTGGTGTC-3') ( Table 1) 
PCR-ELISA
The PCR-ELISA was performed using the PCR-ELISA kit (Roche, Penzberg, Germany). A 5'-biotin-labelled oligonucleotide probe, CV1 (5'-B-CTGAGTTGGTGGAGA TGGAG-3') and a 5'-digoxygenin-labelled oligonucleotide probe CV5-dig (5'-Dig-ATCTGATGAGGATCACGAGG-3') ( Table 1) containing sequences complementary to the negative strand of AHSV NS2 dsRNA, were hybridised to RT-PCR amplicons. The hybrid biotin-labelled oligo probe/amplicon was captured on a streptavidin coated microtitre plate. The digoxygenin-labelled oligo probe that hybridised to the same strand of the amplicon, was detected by anti-digoxygenin antibodies conjugated to peroxidase. The reaction was visualised by the addition of 2, 2'-Azinobis [3-ethylbenzothiazoline-6-sulfonic acid]-diammonium salt (ABTS) substrate in the kit. Samples were considered positive if their values were twice the average OD A405-492 reading of the negative control samples (water) plus 3x standard deviation. Table 1 shows primer and probe sequences based on the NS2 gene of an isolate of AHSV3 (GenBank accession number AF 545434) aligned to that of a similar region of the NS2 genes of isolates of eight different AHSV serotypes obtained from GenBank ( Table 1 ). In the RT-PCR forward and reverse primers, as well as in the digoxygenin-labelled probe, a maximum of two basepair (bp) nucleotide mismatches was observed. In the biotin-labelled probe a maximum of one bp mismatch was observed whereas the hemi-nested primer was identical in all the included isolates of different serotypes.
RESULTS AND DISCUSSION
Despite the small number of nucleotide bp differences in the primer regions, all nine different serotypes were detected. Sequencing of southern African isolates showed that AHSV NS2 gene is more conserved than the VP7 and the NS1 genes [27] .
To ascertain that the negative results obtained with the related viruses in the different RT-PCR-based procedures were not due to the presence of inhibitors of PCR such as phenol and/or detergents that might not have been completely removed during the RNA extraction procedure [35, 36] , the efficiency of the RT-PCR in spiked samples were monitored. One of two samples of the negative control RNA sample and samples of six EEV serotypes, EHDV-NJ and BTV10 were spiked with AHSV3 RNA and subjected to amplification by RT-PCR as described above. After agarose gel electrophoresis, an AHSV3-specific RT-PCR amplicon of 230 bp was observed in each spiked sample but not in the samples without AHSV3 RNA. Inhibition would have been indicated if the RT-PCR band of the spiked sample was either absent or weaker than that of the positive control sample (data not shown). The negative results were assumed to be as a result of lack of sequence similarity between the S8 genes of the different viruses.
The serogroup reactivity of the RT-PCR had been described previously; all AHSV serotypes but none of the EEV serotypes were detected [23] . The RT-PCR could detect RNA representing 20 plaque forming units (PFU) of AHSV3 (Fig. 1) . In order to improve the sensitivity of the RT-PCR, the use of PCR-ELISA was invesigated. The nine AHSV serotypes, six EEV serotypes, EHDV-NJ and BTV-10 samples were tested by PCR-ELISA to determine the AHSV group-reactivity of the PCR-ELISA. The probes detected only the RT-PCR products of the AHSV serogroup at OD A405-492 (Fig. 2) . All AHSV serotypes and the AHSV3 positive control samples were positive whereas the EHDV-NJ, BTV10, the six EEV serotypes and negative control samples were negative. Despite the single nucleotide base mismatch in regions targeted by the biotinylated probe for serotypes 5-8 and the digoxygenin-labelled probe for serotypes 2, 4 and 5 and of two base mismatches in the digoxygenin-labelled probe for serotypes 6 and 7, the reaction was AHSV serogroup-specific.
The PCR-ELISA was performed as described in Materials and Methodology and AHSV3 was detected in a sample representing 2 PFU of AHSV3 (Fig. 3) .
The serogroup reactivity of the RT-PCR had been determined previously [23] . In order to confirm the serogroup-reactivity of the hemi-nested PCR and to ensure that the primers detect all nine serotypes, the reaction was performed on purified RNA from cells infected with AHSV serotypes 1-9, six EEV serotypes as well as EHDV-NJ and BTV10 respectively. No 159 bp fragment was observed in RNA samples of six of the EEV serotypes, EHDV-NJ, BTV10 and negative control samples (data not shown) whereas a 159 bp fragment was seen in each of the nine AHSV serotypes.
The hemi-nested RT-PCR could detect RNA in the sample representing 0.2 PFU of AHSV-3 (Fig. 4) . The presence of defective interfering particles and other noninfectious particles as well as mRNA which are not reflected by the number of PFUs could possibly be the cause. The level of detection of the hemi-nested RT-PCR compared favourably with results obtained in the methods described by those of other investigators. The detection level is, however, 40 times lower than detection by RT-PCR followed by Southern blot hybridisation using a radio-labelled probe [23] . The method using a radio-active probe could also detect virus in an experimentally infected horse from day three up 
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to 22 weeks (154 days) post infection [23] . Real-time PCR could detect virus in a different experimentally infected horse from 7 up to 97 days post infection using real-time PCR [27] . The level of detection of AHSV by real-time PCR has been determined by different groups: RNA was detected in samples containing 0.1 TCID 50 /ml using SyBr TM -Green and 1.2 TCID 50 /ml when using Taqman probes [28] and RNA could be detected in samples with concentrations varying between 0.18 and 51 TCID 50 /ml for the nine different AHSV serotypes [29] . In another instance between 0.001 and 0.15 TCID 50 could be detected in samples of the nine AHSV isolates [30] . Another group detected detected 132 and 114 particles when using VP7 and NS2 probes respectively [27] . In one instance real time PCR could detect 5 pg AHSV RNA [32] . When using nested RT-PCR based on genome L3 of AHSV-6, 0.1 fg of viral RNA could be detected [18] .
Hemi-nested RT-PCR was also compared with the detection of virus in suspect field cases by virus isolation in cell cultures and intra-cerebral inoculation of suckling mice. Twelve samples were tested and 3, 7 and 10 samples were positive by cell culture isolation, intra cerebral inoculation of mice and hemi-nested RT-PCR respectively ( Table 2 ). In one case virus could be isolated by injection of suckling mice but could not be detected by hemi-nested PCR. The effect of degeneration of virus outer capsid proteins during storage of specimens at 4 o C during transport could possibly affect the infectivity of the virus. The time in which the hemi-nested PCR can be completed is approximately 5-6 hr. This is considerably longer than the 2 h using Taqman probes and 2.5 h when using SYBR TM -Green dye [34] . A result can, however, still be obtained within a working day. The time of the reverse transcription, denaturation, annealing and extension steps of both RT-PCR and hemi-nested RT-PCR can most likely be shortened without having an effect on the detection level of the test. The use of random hexamers in the reverse transcription reaction was found to increase the level of detection [27] and could possibly also improve the level of detection of the described hemi-nested RT-PCR. Although amplicon contamination could potentially occur, it was not found to be a problem in the ARC-OVI diagnostic PCR laboratory, probably as a result of the small number of samples that were tested on an intermittent basis and separate spaces in which the different reaction mixes were assembled.
Real-time RT-PCR has been shown to be a rapid effective method for the detection of AHSV [27] [28] [29] [30] [31] [32] . There is, however, still a place for the detection of the AHSV serogroup by more conventional methods such as heminested RT-PCR where real-time thermocyclers are not available. As a result of the enzootic nature of the AHS in South Africa, small numbers of samples (n=1-4) are occasionally sent for diagnosis by the ARC-OVI diagnostic PCR laboratory. Fluorescent reagents used for real-time PCR have a limited life-span, are expensive and may lose their reactivity before they are completely utilised. The aim of the study was to increase the sensitivity of detection of AHSV by RT-PCR without using real-time RT-PCR or radioactively labelled probes.
The hemi-nested RT-PCR method described in this study has been used successfully on a routine basis for more than ten years to detect AHSV RNA in samples received for testing in the ARC-OVI diagnostic PCR laboratory. The nucleic acid purification procedure has now been automated. The method was found to be an effective and sensitive routine diagnostic tool for the detection of AHSV when small numbers of samples from suspect AHSV cases were tested.
